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ABSTRACT

The rapid growth of Halal product market creates high demand for the logistic system to ensure the
reliability of product during the transportation process. However, due to contamination, pilferage and
chance of breakage in the supply chain, the reliability of the current status of halal product has been
questioned that leads to the initiative of developing a new tracking system to monitor the movement of the
product. Aiming at monitoring and reducing the possibility of cross contamination that might occur during
the transportation process, the Halaltracer tracking system was developed using the combinations of Global
Positioning System (GPS) and geofence algorithm. The Halaltracer tracking system is significantly
contributing in terms of automatic detection on the spatial activity taken during the halal product’s
shipment process. Apart from providing spatial information about the delivery session and the route taken,
the system also can detect the possibility of cross contamination by monitoring in real time the stopping of
vehicles using a ray casting algorithm applied to the geofence technique used in the system. A functional
prototype device with a web based interface for reporting function was completely built and tested in
different kind of situation. The testing showed that the proposed model was capable of presenting a report
of tracking which compliant the requirement of managing Halal product. In conclusion, these Halaltracer
system will improve the traceability of Halal product during transportation by focusing on the Halal part
thus, adding the credibility of consumer confidence in consuming the Halal products.
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1. INTRODUCTION In ensuring the halal status of the product are

protected, logistic plays very important role [5].

Halal products are not guaranteed halal if the
halal supply chain did not apply [1]. It is very
crucial for the entrepreneurs to maintain the
integrity of Halal product in the supply chain to
prevent the customer from fraud on the quality of
the product [2, 3]. The reliability of halal product
has been questioned through the whole process
starting from manufacturing, handling and
delivering to end customer. The requirement to
produce Halal foods arose as it was not only
consumed by a Muslim, but non-Muslim too, since
it guaranteed the cleanliness, healthiness and
tastiness [4].

Logistic process was a big industry which covers on
many aspects including transportation,
warehousing, packaging and retailing. However,
this study only focuses on the aspect on the spatial
analysis on the transportation field. During the
transportation process, the products must be
segregated between Halal and non Halal in order to
avoid cross-contamination to occur. There are few
issues rising up the risk of cross-contamination to
occur, such as sharing container, poor visibility of
the container inventory, the transit place of the
container, the history of immediate supplier and
maintenance, and segregation allocation places [5].
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Moreover, this issue becomes more critical as to
maintain the Halal performance responsibility also
become a challenge. Due to other party didn’t
practice Halal supply chain; the chance of breakage
becomes higher once the goods were transferred to
another place. The manufacturer can only guarantee
the halal status when the goods are in their custody

[6].

Monitoring the transportation aspect in the Halal
supply chain is very crucial. However, Malaysia is
still in early stage of applying Halal supply chain
for logistics [7]. Currently, Malaysia is moving
towards of becoming a world Halal hub, therefore,
the government now takes an initiative to ensure
the integrity of halal product is preserved [8]. Based
on this factor, Halal standard on management
system requirements for transportation of goods
and/or cargo chain service have to be implemented
to all Halal operators. According to the standard,
each organization shall establish and apply for a
traceability system to identify the cargo or goods in
the supply chain service. The organizations also
need to ensure the system is enabled to identify the
movement of the products in all stages specifically
for the raw material supply into the last destination
of the product [9]. This kind of urge has become the
biggest motivation for creating the new traceability
system which specifically focuses on managing
Halal product.

Tracking system technology is one of the most
appropriate ways to respond to Malaysia’s
government effort in creating the Halal traceability
system. The tracking system has been broadly used
to attain location information in several areas such
as electronic commerce, military and logistic [10].

There are many types of sensors used in tracking
the movement of product in logistic such as radio
frequency identification (RFID) and global
positioning system (GPS) [11]. Numerous studies
have examined the potential of GPS for monitoring
the movement of the consignment in supply chain,
nevertheless, the conventional monitoring method
using GPS was only monitored the movement of
the product without considering the Halal aspect.

Currently, the concept of geofence was
commonly practiced in GPS tracking system [13].
However, it was found that most of the applied
geofence only focus on few situations, such as
monitoring the detour in planning routes and
provide alerts if the wvehicle detours [14]. The
systems proposed were using route adherence
technique for geofence and gets the location data
from off the shelf mobile technology through the
Android API resources. Consist of three main
component which is the device, mobile and server,
the system called SWTRACK were developed to
make sure the safeties of the fleet and cargo. The
general user interface was also developing to show
the alerts generate by the geofence and on the maps,
the travel information can be view by different
colour according to the situations [14].

In different study, the geofence is also used to
provide alerts when a monitored vehicle or objects
is entering or exiting the geofence area [15]. The
end user can monitored the result by viewing it in
both web and mobile application. This system
monitors two aspects including setting speed and
geographical limits. An alert will be sent via SMS
if the vehicle exceeded the pre-defined limits.
Using circular types of geofence area chosen by the
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Figure 1: Proposed Logistic Transportation Tracking Framework
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administrator, this system works by looking if the
vehicle entering and exiting geofence area, stops of
vehicle and when the alarm going on [15].

Those techniques are unable to cater the needs of
this study, which is to cover the possibility of cross
contamination that might be occur during the
transportation process if the vehicle carrying the
Halal product stopped at unknown or non-halal
area. Therefore, a rule should be applied in addition
to the existing geofence technique for solving
problems concerning.

This study presents Halaltracer, a system that
allows the logistics service provider and authorities
to monitor the activity that occurs during the
delivery of Halal products. This system provides
route information and with little improvement in
existing geofence technique, the vehicle stopping
area can be checked and alert will be issued if the
vehicle stopped at unknown area. The system used
GPS tracker as the core device offered the
monitoring in real time mode and using the web
based platform to present the result of tracking and
alerts. Apart from giving the location information,
this system also gives product information, so that
the consignee and consignor both can trace where
their product comes and go. This system is
expected to solve the traceability problem proposed
by the government and simply convert the manual
method into an automatic method in ensuring the
integrity of the halal product.

2. FRAMEWORK OVERVIEW

The Logistic Transportation Tracking Framework
holds three main functions which are logistic
records, tracking records and geofence records as
shown in figure 1.

2.1 Logistic Records

The Logistic records function consists of records
about the logistic activity happens during the
movement process of the consignment. The
consignee has to register their own information
such as company name, address, halal’s certificate
number, vehicle registration number, driver name,
GPS  identification number and consignor
information. Before loading process, the consignee
will need to key in the consignment information to
enable the traceability of the consignment when its
move from their custody. In this stage, the
identification of the Halal product is being done by
assuming that the goods are halal since the
consignee has halal status. This assumption is made
as according to JAKIM requirement, only halal

product is produced by the producer, manufacturer,
food premise and slaughter house which receive the
Halal certificate. The system database was built to
store Halal information of the consignee and
consignor.

2.2 Tracking Records

Every item delivered must have traceable
identification to make sure there is no events of
halal become non halal during the transportation
process. The GPS tracking system will activated
after the consignment successfully loading into the
vehicle. The GPS will give the location information
in every 5 minutes intervals. Consignee and
consignor both will get the benefits as the system
gives a real time view and reports of vehicle status
and current locations. The GPS also gives other
valuable information such as time and speed which
will be used to generate stoppage geofence records.

2.3 Geofence Records

During the delivery process of Halal product
from one place to another, there is a possibility of
mixing and contaminations interference between
halal and non-halal product. An application is built
within the system to overcome this problem by
helping to monitor this issue. Geofence is used to
identify the location of the stopping vehicle by
filtering according to speed and time range (more
than 30 minutes). A computerized system is applied
to give more specific record about the halal product
whereabouts.

2.4 Process Flow

The proposed process flow for the Halal logistic
transportation tracking framework is discussed
according to figure 1.

1. Managing system: The entire system is
managed by an administrator who will
ensure the system continues to run
smoothly without any problems. Only
administrator has given the authority to
access all parts of the system.

2. Register related information: Consignee
will register related information required
before the tracking process start. This
information will later use to generate the
tracking reports. Store and run the
application: The system is programmed to
store and run three parts of the function
which is logistic record, tracking record,
and geofence record.
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3. Generate reports: Based on the record
obtain during the tracking process; the
administrator will generate the report to be
used by the needed party.

4. Check delivery reports: The results of the
tracking can give benefit to the consignor
as they will know the events happen
during the transportation process.

5. Verify halal status for auditing process:
During auditing process, authorities can
easily check if there are any events
occurring during the transportation process
that leads to the possibility of halal product
become non-halal product.

3. HALALTRACER MODEL

This research was intended to develop a real time
traceability system for tracing the movement of the
vehicle containing halal product. The development
of HalalTracer system is intended to give both
government and Halal logistic provider the
monitoring of the route and stopping location of
each vehicle carrying Halal product using GPS
technologies in collaboration with the modified Geo
fence application. This real time system was
comprised into a module as shown in figure 2.

Data Acquisition
and transmission

)

Receive
signal at
least from 4
satellites

System query and

management

Application
Server / database

User Interface

Attached with GPS tracker

Figure 2: GPS Tracking System Module

3.1 System Requirement

The development of Halaltracer system starts
with analyzing the requirement needed. The
requirement was analyzed based on the proposed
framework. The requirement covers on the selection
of suitable device, hardware and software needed
for the system. Based on figure 3, this study
required GPS tracker as the main source for
acquiring locational data for the monitoring
process. GPS tracker is attached to the vehicle and
it will get a signal from at least four satellites to

acquire a location in terms of latitude, longitude,
time, date and speed. The workspace will then read
the specific rule that has been applied on the
geofence based on the ray casting algorithm.
Geofence is a spatial concept that widely known
after the widespread use of GPS in the
transportation industry. Live GPS location obtained
from the GPS tracker will be connected with virtual
fences created in the digital map. The system will
perform spatial analysis to determine violation in
terms of stoppage occurred. If the violation occurs,
a notification message will be sent out via email to
the administrator. When vehicle entering or exiting
the fence, geofence will work by activating the
trigger and provide alerts based on the rules that
have been set up by the system. This research has
used the rule to examine and filter the spatial and
temporal element derived from the GPS data. When
the vehicle starts moving, it will activate the GPS
tracker and start collecting spatial and temporal data
to be sent to the server by using GSM/GPRS as a
communication medium. Then, the system will read
the rules and spatial analysis is performed by
examining whether the vehicle enter and stop at the
fence or not in the specific time.

Research workflow
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Software Survey

4

Database Design |
and construction

s
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Setting Up and '
| connacting GPS
tracker to server

Web Based System
development

Javascript, HTML, Google Map API

Algorithm testing

Figure 3: Overall Flowchart of the Diagram

The prototype has been built based on the
proposed framework. GSM/GPRS technology has
been applied as a communication method between
the GPS tracker and the server. The GPS tracker is
equipped with a GSM Cinterion MC55i module
consist of  Quad band GSM with
850/900/1800/1900 MHz frequency to control the
instruction using AT command. Multi-slot class 10
GPRS was used in the tracker as it has the ability to
transfer long-distance data widely and credibly
[16].
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The system uses a virtual private server with
support of LINUX as an operating system for
retrieving data from the GPS tracker to the
database. It was selected due to its ability of being
more stable and reliable for the basic needs of web
hosting. Furthermore, it can be customized
according to the needs and offer cheaper costs
compared with a dedicated server. Spatial database
was used to store geographical data, which is
capable of storing a large dataset capacity. Spatial
database has a thousand features which can provide
an efficient mechanism to store, query, analyzed
update data in a system [17]. HalalTracer system
has chosen MySQL as the database because its
ability to support the vector data forms. Even
though the ability is not comparable to the other
spatial databases such as Post GIS and SpatiaL.ite,
but it still provides a database function library. This
function can be used with some MySQL storage

mechanism, including InnoDB, MyISAM and
ARCHIVE [18].
The system use web based platform and

implement YII as a framework along with PHP as
the language to run and manage the data received
from the GPS tracker. An interface was created
using HTML forms and the JavaScript Google
Maps API to view the location report of the GPS
tracker. The geofence location reports were
differentiated using several markers to indicate
Halal and unknown location. A few pages were
developed to visualize the tracing and tracking of
the vehicle and product. There’s also pages for the
user to register the GPS tracking device, company,
vehicle and task to be done which includes the
information of Halal product being transported.

3.2 System Implementation

Cross contamination is one of the main factors
that cause the Halal product become non-Halal
during the transportation process. To overcome this
problem, Halaltracer System proposed the modified
geofence application. Point in polygon concept was
used to detect if the vehicle entering and stopping at
Halal or unknown location. Instead of circular,
polygons were selected to be used in this study as it
is more preferred for a small area [19].

In this study, the polygon was drawn based on
the Halal premise Floor Plan that obtained during
the process of getting the Halal -certificate.
However, 100 meter buffer was applied, assuming
the vehicle stopped approximately that area due to
some problem such as limited loading and waiting
space. The buffer was applied because there are
some possibilities that the GPS cannot acquire a fix

location due to any noise such as atmospheric
conditions, electronic interference, physical
obstruction (buildings and trees), and the sensitivity
and sophistication of the GPS receiver itself. This
noise can result in inaccurate fix position generate
by the GPS receiver for about a factor of ten meters
or more [20]. Therefore, extremely tight Geo-fence
rule has to define to avoid false alert error [20].
There are many algorithms developed to check the
point in polygon like Nordbeck and Rystedt
algorithm, Winding Number algorithm, Quadrant
method, Edge Cross test and Ray Casting method
[21]. Rounding errors might cause the result of
geofence incorrect when it is implemented on fine
precision arithmetic computers. However, this
problem can be neglected as in computer graphic
application, speed is much more important than the
accuracy. Thus, a ray casting algorithm was
selected as it is the most powerful, fastest in
execution and easy to implement.

Ray casting works with testing how many times
the rays starting from the point is intersected with
the polygon edge in order to check whether the
point is in polygon or not [21]. If the number of the
intersection is odd, it indicates that the point being
tested is inside the boundary and otherwise it was
outside the boundary.

Figure 4 shows the concept used in determining
whether the point is inside the polygon or not. Point
P (x, y) is the current point captured from the GPS
tracker data. Since the entire point of this ray has
the same Y coordinate, the ray will only shoot in
the positive x direction starting from point P to
describe a wvalid intersection. The calculation
process is begun by counting the counter
intersection as zero. Some situation needs to be
checked during the carried out process. If yl <y
and y2<y or yl >y and y2>y, there’s nothing to be
done as both point is located on the same region.
Otherwise, the intersection between point (Sx, Sy)
with the line from point (x, y) has to be calculated.
As a result, if Sx >x, the point is moving to the left
of the intersection as the intersection value is
increased. Lastly, all the edges of polygon have to
be checked and point P is indicated as inside the
polygon if the intersection is odd.
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Figure 4: Geofence concept

4. RESULT AND DISCUSSION

The proposed system focusing on tracking and
tracing halal product shipping process carried out
by updating the location of the vehicle and provide
the status when the vehicle stops at any place. This
system runs on data obtained from the GPS tracker
installed on the vehicle and the data obtained were
processed to generate tracking and tracing reports.
By keeping track the reports generated from this
system halal status of the product can be identified
in respect of events that occurred during the
delivery process.

4.1 Location Update

The location update function obtained from the
GPS tracker provides the vehicle’s current location.
Converted into latitude and longitude forms, the
location histories were showed in map viewer to
facilitate system users to view the location of the
vehicle. Google Map was used to support the map
viewer applications as it has advantages in
providing the latest information compared with
others map operators. Figure 5 shows an example of
the path taken by the vehicles during the system
testing process. A simple interface was developed
to allow the user to register the GPS tracker and to
view the tracker in map viewer mode. Other
information such as time, speed, location name and
vehicle details can be obtained in this side. Users
can choose which tracker they want to view or
choosing to view the entire tracker in one time.

4.2 Geofence stoppage status of the vehicle

Location data obtained from GPS tracker were
processed to generate a report for stoppage
geofence. The ray casting algorithm is proven to be
used to check whether the vehicle enter and exit the
geofence polygon. For this study, geofence was

modified by combining the algorithm with the
vehicle’s stopping time and speed. Based on the
testing made, it turns out that when the vehicle
speed is 0 km/h for more than 30 minutes, the
system will directly check whether the vehicle
location is in the geofence area or at unknown
place. If the location is within the geofence polygon
which is halal area, then a green marker will be
plotted on the map and listed as known location in
the location stoppage report. Conversely, if the
location is not on the geofence polygon, stoppage
report location will be marked as yellow marker and
alert will be sent via email to inform that the vehicle
was not stopped at the designated places. By
monitoring the vehicle status during the shipping
process, indirectly, this system will avoid any
possibility of mixing between halal and non-halal
product that might occur if the vehicle stopped at an
unknown location and load non —halal product at
the halal vehicle.

4.3 System Verification

The developed system has been tested by
creating some task to ensure the application of
modified geofence has been functioning properly.
Due to limited access and time constraint, this test
was performed using a car which GPS tracker has
been installed and connect properly to the server.

Prior to travel, information about the vehicle,
driver, start location, Halal certificate number, lists
of product and barcode are filled up into the system
to covers the traceability aspect of the product. This
information is crucial in order to ensure that only
halal products are being transported and not being
tampered with. After the information filling process
carried out, the travel was initiated. The system will
capture the time the GPS start and coordinates from
the tracker and then stored it in the server. Aiming
at verifying stoppage location, therefore, an
unknown and halal point was selected to identify
the effectiveness of the modified geofence created
as can be seen in figure 5. The continuous line in
the figure shows the route taken by the vehicle
during the journey. Point 1 indicates the starting
point and point 2 indicated the end point. The
yellow marker indicates that during the journey, the
vehicle had stopped at an unknown location. The
server will send an alarm in email form to inform
the unexpected event. This is important as there is
possibility that the vehicle entering and stopped at
non-halal location which will lead to the problem of
cross contamination. Upon arrival at the destination,
the product will once again be in check to make
sure the same products were brought from the
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beginning. Figure 6 shows the reports of task that
will be used for traceability purposed.

Based on simulation done by the system, it was
found that, by using the location as essential metric,
a quantitative analysis of driver behaviour can be
done. Previously, there are many research and
works on location analytic; however with the
enhancement of the new rule proposed in this
Halaltracer system, a details analysis which
combining the temporal and spatial analysis from
the GPS tracker data was made. Based on this
element, not only it can check whether the driver
stop at designated area or not but it also can give
new information on the places which might be

V' Il Halak Traces GPS CCv - 1\

L o (L putratracker.com/h
A Dasndoard Task Karim Bahar
-~ o .
P\‘.,,M

Stop Location

operating Halal product but has no certificate on it.
Thus, it will make it easier for authority or decision
maker to make further actions by taking data from
this Halaltracer system.

In addition, the administrator can perform an
analysis of the time taken when the vehicle is
stopped at the geofence area. If a violation occurs,
an analysis of the cumulative time in/out can also
be made along with analysis of the frequency of
violations made by the vehicle. With its ability to
provide information in real time, analysis of the
time the vehicle might be reach its destination can
be done thus it can facilitate the organizations for a
better time management.

@ & &

| EKembangan

% Bandar
s Bgru Bang
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Date & Time Location Status
Latitude Longitude Duration Stop
From To
3.019752 101.332326 3 minutes 2014-12-27 08:36 AM 2014-12-27 05:41 AM Krown .
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Figure 5: Web interface showing

the path taken and geofence report
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ID 12
Consignment ID 100012
Driver Name Karim Bahar
Driver ID 770901106790
Container ID 9012
Vehicle Truck (ABC Sdn Bhd)

Company SecretRecipe Inc

Date
Time Start  2014-12-27 07:21:45

Location Start  Salman Sdn Bhd

TimeEnd 2014-12-27 16:36:45
Location End  Jusco Bukit Tinggi
Consignee Name Jusco
Consignee Address Jusco Bukit Tinggi, Klang

Consignee Halal Cert No  b100000000012229

Products

* Kari Babas (Barcode: 1233333390121)
* |kan masin segera Adabi (Barcode: 1233333390101)
¢ Sabun Folow You (Barcode: 1000000390121)

Figure 6: Report of task
5. CONCLUSION

Providing transparency and details information
about transportation of Halal product is a crucial
matter. This study aims to explore the way to
convert the conventional method used in managing
Halal transportation into a convenient and user
friendly method which can be adapted into real time
web based solution. This article presents
Halaltracer, a system that allows products and
vehicles that carry Halal goods to be track and trace
during the shipment process. A prototype was
developed based on the requirement and guideline
of Halal transportation procedure given by the
authority. The used of GPS tracker was applied in
this system to get the latest location and routes
travelled by the vehicle which is shown in the form
of map and tabular report in the web browser.
Instead of other available algorithm, ray casting
algorithm has been chosen to be used in the
geofence technique. The modified geo fence which
integrate with spatial, temporal and speed rule was
successfully implemented in the system that
provides an email alert when the vehicle
suspiciously stops in unknown place in a certain
time. In addition, the system also successfully
provides tracing information for the product where
it can help identifying the origin and the next
destination.

The system testing showed that the system can
run smoothly and gives alert at the end of tracking
if there is a stoppage at an unknown location.
However, the false alarm might occur as the system
check every unknown stoppage without any
specification. The location might be non-halal
premise, restaurant, petrol station or other possible
place. In order to avoid this problem, in the future,
other sensor such as weighing scale and door sensor
is suggested to integrate with this system. The
process of inserting the consignment information
was done manually. It might leads to inaccurate
information due to human mistake. Therefore, in
the future, the use of barcode sensor, QR code or
RFID can be integrated in the system. Another
improvement also can be made by implementing
this system in mobile version for tablet either in
Android or IOS version to make it more users
friendly and flexible.

This system gives benefits to both government
authorities and Halal logistic service provider.
Since the system is converting the manual
procedure into a web based system, it will be much
more effective and verification can be done
automatically. Furthermore, it supports the
authorities a proof of events happen during the
transportation process. For the Halal logistic service
provider itself, this system will helps them to track
and trace their product in order to make sure the
Halal quality of their product is maintained.
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